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Tumor-Associated Antigens Recognized by T Cells and the 

Uses of these Antigens 



5 Field of the Invention 

This invention relates to the field of tumor immunology, and 
specifically to a novel family of melanoma-specific antigens 
recognized by T cells. 

10 

Background of the Invention 

Specific antigen recognition by T cells is based on the 

15 binding of the T cell receptor (TCR) to a complex composed of 
antigenic peptide and a major histocompatibility complex (MHC) 
molecule [Bjorkman, P. J., fiLaL 0 987) Nature 329: 51 2]. CD8+ 
cytotoxic T lymphocytes (CTL) recognize cell surface components 
formed by class I MHC glycoproteins and antigenic peptides. 

20 Antigenic peptides arise by cleavage of endogenously synthesized 
proteins that are bound by newly synthesized class I molecules in 
the endoplasmic reticulum and subsequently transported to the cell 
surface [Townsend, A. and Bodmer, H. (1 989) Ann. Rev. Immunol. 7: 
601 ]. These CTL epitopes are believed to be short peptides of about 

25 7-1 2 amino acids that bind to a cleft on the surface of class I MHC 
molecules [Van Bleck, G. M. (1 990) Nature 348 : 21 3; Falk, K., etal, 
M99n Nature 351 : 290; and Udaka, K., fiLaL (1 992) Cell 69: 989]. 

Melanoma-specific effector T lymphocytes have been isolated 
from different sources including: tumor infiltrating lymphocytes 

30 (TIL) isolated from the solid tumor [Muul, L, et al- (1 987) J* 

Immunol. 138 : 1 89], PBL [Vose, B.M. and Bennard, G.D. (1982) Nature 

359] and lymph node cells [Singcluff, CL, fiLaL (1 987) Arch- 
Sura. 122 : 1407]. These cells are predominantly CD3+, CD8+ CTL 
that exhibit preferential cytolytic activity against autologous 

35 melanoma tumor cells [Muul, L, et al. (1 987) J. Immunol- 138: 1 89 
and Itoh, K., fiLaL (1 988) .1. Fxp. Med. 168: 1 41 9]. 

The HLA-A2.1 class I molecule, a product of the HLA-A2.1 
gene, is an effective antigen-presenting molecule for presentation 
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of meianoma antigens to T cells [Crowley, N.J., £LaL (1 990) Cancer 
BfiS^SQ: 492 and Kawakami, Y. (1992) J, Immunol, 148: 638]. The 
demonstration that HLA-A2+ melanoma-specific CTL can lyse the 
majority of A2+ melanomas used [Darrow, T.L, fiLaL (1 989) 1 
5 Immunol. 142 : 3329 and Horn, S.S., fiLaL (1 991) ,1, ImmUHOther, 3; 
153], coupled with the finding that A2+ melanoma cells transfected 
with the A2.1 gene can present epitopes recognized by A2+- 
restricted melanoma-specific CTL [Kawakami, Y. (1992) J* 
Immunol. 148 : 638] provide evidence for specific recognition of 

10 shared melanoma antigens by T cells. HLA-A2-derived T cell 
epitopes are likely to have broad utility in the development of 
diagnostics or therapeutics for melanoma since HLA-A2 molecules 
are expressed in about 50% of the Caucasian population [Tiwari, J.L. 
and Tetaski, P.I. (1 985) In: hla and Disease Associations, (Tiwari, 

15 J.L. and Tetaski, P.I., eds.), Springer-Verlag, N.Y., p. 1 0] and it is the 
Caucasian population in which the overwhelming instances of 
melanoma are found [Reintgen, D.S., fiLaL (1 982) JAMA 248: 
1856]. 

One approach for the direct characterization of CTL epitopes 
20 involves the reconstitution in vitro of CTL epitopes by allowing 
exogenously prepared peptides to sensitize target cells expressing 
appropriate class I molecules for specific lysis by CTL Although 
this approach has been successful in the identification of some 
viral and alloreactive T cell epitopes [Van Bleek, G.M. and 
25 Nathenson, S.G. (1 990) Nature 348: 213; Falk, K., fiLaL (1 991 ) 1 
Fvn. Med. 174 : 425; Udaka, K., fiLaL (1 992) Cell 69; 998], very few 
natural peptide adducts of class I MHC proteins have been isolated. 
This likely results, at least in part, from low levels of expression 
since as few as 1 00 complexes on the cell surface may be 
30 sufficient to stimulate T cells [Demotz, S., fiLaL 0 990) Science 

249 : 1 028; Falk, K., fiLaL 0 991 ) l Fvn Med. 174: 425; Christnick, 
E.R., fiLaL (1 991 * Nature 352 : 67; Udaka, K., fiLaL (1 992)_£fi!L£9j 
998]. 

660 TIL, a long-term melanoma-specific T cell line and its 
35 autologous tumor target cell line (660 mel) have been established 
from a human melanoma tumor sample [Reilly, E.B. and Antognetti, 
G. (1 991 ) r.ftll. Immunol. 135 : 526]. Tumor cell CTL activity of 660 
TIL is inhibited by several monoclonal antibodies. (MAB) including 
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those against CD3, CD8 and HLA-A2 molecules, indicating that the 
effector cells are class l-restricted CD3+, CD8+ CTL that recognize 
melanoma antigen(s) in association with HLA-A2 molecules. 

5 

Summary nf the Invention 

One aspect of the invention presents substantially pure 
tumor-associated antigens which can bind to HLA molecules on 

10 tumor and non-tumor cells and cause those cells to be recognized 
by and destroyed by T cells. These antigens can be obtained by the 
purification methods disclosed herein using different T cells 
and/or tumor cells. The T cells are preferably CTL and more 
preferably TIL. The destruction is preferably by lysis of the cells. 

15 In particular, the invention presents a substantially pure family of 
HLA-A2-associated tumor antigens, an example of which is T cell- 
specific melanoma antigens which when bound to HLA-A2 on a cell 
will cause the cells to be recognized and lysed by TIL These 
antigens are generally between 5 to 20 amino acids in length, more 

20 preferably between 5-1 5, and most preferably between 7 to 1 2 
amino acids in length. Examples of the T cell-specific melanoma 
antigens are peptides such as mel Ag 906 or mel Ag 1 007. The 
molecular weight of mel Ag 906 is about 906 Dalton (D) with a ± 
1 0% margin of error. The molecular weight of mel Ag 1 007 is 

25 about 1 007 Dalton (D) with a ± 1 0% margin of error. 

Another aspect of the invention presents the polypeptide(s) 
from which the tumor-associated antigens are derived. 

Another aspect of the invention presents methods for 
purifying the tumor-associated antigens, preferably from tumor 

30 cells and by means of cytotoxicity tests using T cells, in particular 
TIL. 

Another aspect of the invention presents methods for 
diagnosing cancer using the above tumor-associated antigens, the 
polypeptide(s) from which the tumor-associated antigens are 
35 derived, or the derivatives of the above, such as their nucleotide 
sequences. 

Another aspect of the invention presents methods for 
identifying cancer therapeutics using the above tumor-associated 
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antigens, and the polypeptide(s) from which the tumor-associated 
antigens are derived. The cancer therapeutics identified thereby 
are also presented. 

Another aspect of the invention presents vaccines and 
5 methods for vaccination using the above tumor-associated 

antigens, and the polypeptide(s) from which the tumor-associated 
antigens are derived. 

10 Description o f the Drawings 

Figure 1 presents the CTL activity of 660 TIL against its 
autologous tumor cell target, 660 mel. 

Figure 2 presents tumor cell cytotoxic activity of 660 TIL 
15 after stimulation with cultured 660 mel. 

Figure 3 presents the HLA-A2 affinity purification from 660 
mel cells. 

Figure 4 presents the cytotoxic activity of peptides derived 
from 660 mel HLA-A2 molecules and fractionated by reverse phase 
20 chromatography on a CI 8 column. 

Figure 5 presents the cytotoxic activity of pooled peptide 
fractions 42-46 from the CI 8 column (see Figure 4) fractionated 
by reverse phase chromatography on a phenyl column. 

Figure 6 presents the cytotoxic activity of pooled peptide 
25 fractions 40-41 from the phenyl column (see Figure 5) fractionated 
by reverse phase chromatography on a C4 column. 

Figure 7 presents the cytotoxic activity of pooled peptide 
fractions 49-50 from the C4 column (see Figure 6) fractionated by 
reverse phase chromatography on a minibore C8-polymer column. 

30 

netailed Descr intinn of the Invention 

The present invention presents substantially pure tumor- 
35 associated antigens which can bind to HLA molecules on tumor and 
non-tumor cells and cause those cells to be recognized by and 
destroyed by T cells. These antigens can be obtained by the 



WO 94/23067 



-5- 



PCT/US94/Q3507 



purification methods disclosed herein using different T cells 
and/or tumor cells. 

The T cells are preferably CTL and more preferably TIL. The 
destruction is preferably by lysis of the cells. In particular, the 
5 invention presents a substantially pure family of HLA-A2- 

associated tumor-associated antigens, an example of which is T 
cell-specific melanoma antigens which when bound to HLA-A2 on a 
cell will cause the cells to be recognized and lysed by TIL. These 
antigens are generally between 5 to 20 amino acids in length, more 
10 preferably between 5-15, and most preferably between 7 to 1 2 
amino acids in length. Examples of the T cell-specific melanoma 
antigens are peptides such as mel Ag 90G or mel Ag 1 007. The 
molecular weight of mel Ag 906 is about 906 Dalton (D) with a ± 
1 0% margin of error. The molecular weight of mel Ag 1 007 is 
15 about 1 007 Dalton (D) with a ± 1 0% margin of error. 

The present invention also provides a description of the 
isolation and characterization of such antigens. The invention 
further presents the polypeptide(s) from which such peptides are 
derived. These tumor antigens, their polypeptide(s) from which 
20 they are derived, and their derivatives may prove particularly 
useful as cancer diagnostics and therapeutics, including vaccines. 

"Ag" is herein defined as antigen, except in the context of Ag 
906 and Ag 1 007 which are the names of specific peptides. 
"MAB" is herein defined as monoclonal antibody. 
25 "MHC" is herein defined as major histocompatibility complex. 

T cells" is herein defined as lymphocytes derived from the 
thymus. "Tumor-specific T cell" is a T cell that recognizes a 
specific tumor. Sources of tumor-specific T cells include but are 
not limited to: a tumor or tumor specimen and as such are 
30 designated TIL; primary lymph organs such as lymph nodes or 
spleen; and peripheral blood. Although TIL may include both CTL 
and T helper cells, 660 TIL is a CTL 

'TIL" is herein defined as tumor infiltrating lymphocytes 
"CTL" is herein defined as cytotoxic T lymphocytes. 
35 'Tumor-associated antigen" is hereby defined as an antigen 

expressed by tumor. 

"T cell-specific tumor antigen" is hereby defined as a tumor- 
associated antigen that is recognized by a T cell. For example, "T 
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cell-specific melanoma antigen" denotes an antigen which is 
specific to melanoma and which is recognizable by a T cell. 

"HLA-associated tumor antigen" is hereby defined as a tumor- 
associated antigen which can associate with HLA to form a 
5 complex. Preferably, this complex is recognizable by T cells with 
the same HLA phenotype as the tumor target cell expressing the 
tumor-associated antigen i.e., both cells are HLA-compatible. 
n HLA-A2-associated tumor antigen" is hereby defined as a tumor- 
associated antigen which can associate with HLA-A2 to form a 
10 complex. Preferably, this complex is recognizable by HLA-A2+ T 
cells. These T cells may include CTL and are preferably derived 
from tumors, peripheral blood, spleens or primary lymph organs. 
The most preferred T cell is TIL. The most preferred TIL is 660 
TIL 

15 Specific Ag recognition by T cells is based on binding of the T 

cell receptor to a complex composed of an antigenic peptide and an 
MHC molecule. There are two main varieties of MHC antigens, 
namely class I and class II. There are dozens of distinct class I 
and class II antigens. Class I antigens (of which the HLA-A2 

20 molecule is one) are present on almost all cells and it is the unique 
combination of class I MHC antigens that mark those cells of each 
individual as unique. Most cells express between two to four 
distinct class I antigens. Although there are dozens of class I MHC 
antigens, HLA-A2 is probably the most prevalent, present in about 

25 50% of the Caucasian population. This means that, although these 
individuals still have distinct haplotypes (i.e. the unique display of 
MHC antigens on the surface of their cells), there may be some 
common sharing. Since class I MHC antigens are also responsible 
for binding small peptides to serve as T cell antigens, this also 

30 means that all individuals who express HLA-A2 are likely to 
express many of the same T cell antigens. HLA-A2-restricted 
melanoma-specific CTL (also referred to as A2-restricted 
melanoma-specific CTL) are, therefore, T cells that recognize the 
combination of the HLA-A2 antigen associated with a small 

35 peptide. 

The HLA-A2 molecule is a product of the HLA-A2 gene. 
Humans who express the A2 protein are classified as HLA-A2+ 
HLA-A2 class I molecule is also referred to as the A-2 protein. 
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There are many subtypes of HLA-A2 molecules (e.g. A-2.1 , A-2.2, 
A-2.3, etc.) [Parnham, P., et al. (1 991 ) Immunoaen. 33: 31 0], each of 
which is coded for by a different gene, although the HLA 2.1 
subtype is the most prevalent. 
5 Mature peripheral T cells with an ap (the most common) T 

cell receptor can be categorized into two major classes expressing 
either the CD4 or CD8 transmembrane glycoprotein. CD4+ T cells 
(which generally include T helper cells) recognize peptide 
fragments bound to MHC class II molecules, while CD8+ T cells 

10 (which generally include CTL) recognize peptide fragments bound to 
MHC class I molecules. 

CTL epitopes are complexes composed of antigenic peptides 
and class I MHC molecules. Antigenic peptides arise by cleavage of 
endogenously synthesized proteins that are bound by newly 

15 synthesized class I molecules in the endoplasmic reticulum and 
subsequently transported to the cell surface [Tsomides, T.J. and 
Eisen, H.N. (1 991 ) J. Biol. Chem. 266: 3557]. Thus, a general scheme 
for isolation of such peptides consists of expansion of cultures of 
a melanoma cell line known to express the proper epitopes. The 

20 use of this approach to identify medically relevant melanoma 

antigens could lead to determination of the amino acid sequences 
of these peptides and identification of the proteins from which 
they are derived. This information could provide a basis for 
diagnostic and therapeutic intervention. 

25 

Methods for Obtaining Tumor-Associated Antioens 

There are several methods for obtaining the T cell-specific 
30 tumor antigens; disclosed herein are Methods 1 and 2. Method 1 

involves purifying antigens from the membrane of tumor cells. 

Preferably, the antigens are selected for their binding to HLA. 

Such selection can be achieved using HLA affinity chromatography. 

The resulting peptides are then purified by HPLC fractionation. 
35 Peptides from each HPLC fraction are then mixed with an HLA- 

compatible non-tumor target cell and selected for their ability to 

induce lysis of those target cells by T cells. That is, the T cell 

recognizes the complex of HLA and the tumor-associated antigen, 
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and thereby bind to the non-tumor cell and causes its lysis. The 
tumor cell, non-tumor cell and T cell have to be HLA-compatible. 
The tumor cell and T cell can be autologous. The non-tumor cell can 
be non-autologous. 
5 Method 2 does not rely on HLA affinity columns, therefore, 

the non-tumor cell (target cell) need not be HLA-compatible with 
the tumor cell; it needs only be HLA-compatible with the T cell 
(effector cell) in the test for cytotoxicity. The tumor, non-tumor, 
and T cells need not be autologous. 

10 In both of the above methods, the T cell is preferably derived 

from tumor, lymph, spleen, or peripheral blood. More preferably, 
the T cell is a CTL. In the methods presented herein, preferably, a 
T cell which is specific to a particular tumor (i.e. a tumor-specific 
T cell) is used to detect the tumor-associated antigen derived from 

15 the specific tumor. For example, in the preferred embodiment, the 
tumor is melanoma and the tumor-specific T cell is a melanoma- 
specific T cell, i.e. a T cell which recognizes a melanoma tumor 
cell. Upon recognition of its target tumor cell, the tumor-specific 
T cell is capable of lysing that target cell or releasing lymphokines 

20 or cytokines. Tumor cell lines and T cells which are specific to 

them are known in the art and can be obtained by methods known in 
the art (see e.g. Reilly, E.B. and Antognetti, G. (1991) CfilL 
Immunol. 135 : 526 and Topalian, S.L, et al. (1 987) J, Immunol, 
Methods 1 02 : 1 27). For example, in the most preferred 

25 embodiment, the T cell is a melanoma-specific T cell line 660 TIL; 
and the tumor cell is a melanoma cell line 660 mel. Examples of 
other tumor cells include those from colon, ovarian, cervical, lung, 
breast, prostate, and renal tumors. 

It is to be noted that different T cells may preferentially 

30 recognize different tumor-associated antigens in the pool of HPLC 
fractions from the same tumor cell. Similarly, different tumor 
cells may express different tumor-associated antigens that are 
recognized by same or different T cells. The tumor-associated 
antigen which would be of wide use, would be the antigen which is 

35 widely expressed on the tumor cells of different individuals. This 
tumor-associated antigen can be either recognized by a specific T 
cell of an individual or T cells of different individuals. 
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The following describes Method 1 . 

Method 1 

5 Since T cell epitopes may be expressed at levels as low as 

1 00 molecules per cell, the cell expansion required may be 
substantial, leading to the generation of more than 1 0 1 1 cells. 
Detergent solubilized membranes prepared from these cells may 
then be passed over antibody affinity columns to isolate class I 

10 MHC molecules to which the tumor-associated antigens are 
complexed (herein called the "MHC-tumor-associated antigen 
complexes"). This can be achieved using methods known in the art. 

The MHC-tumor-associated antigen complexes are then 
denatured to release the tumor-associated antigens. This can be 

15 achieved using acidic treatment with methods known in the art, 
such as incubation with trifluoroacetic acid. The released tumor- 
associated antigens are then collected by ultrafiltration [as 
described in Udaka, K., sLaL (1992) Cell 69: 989] and subjected to 
HPLC fractionation. This is required since the mixture of tumor- 

20 associated antigen released from MHC molecules is very complex. 
Tumor-associated antigen fractions are tested for biological 
activity on the basis of ability to sensitize MHC-compatible non- 
tumor target cells for susceptibility to lysis by T cells. For 
example, in the case where the tumor-associated antigens are 

25 derived from melanoma tumor cells, the fractions can be tested for 
biological activity on the basis of ability to sensitize MHC- 
compatible non-tumor target cells for susceptibility to lysis by 
melanoma-specific CTL, preferably by TIL, and more preferably by 
660 TIL In this manner active fractions can be pooled and re- 

30 fractionated on HPLC under different sets of conditions for 

additional purification. Successive reverse phase columns such as 
HPLC are the preferred purification methods because, unlike ion 
exchange columns and gel filtrations, the antigens are not in salt 
or non-volatile buffers. Thus, with reverse phase columns, no 

35 desalting step is required and the fractions can be directly tested 
for cytotoxic activity, thus avoiding further loss of antigens, 
which is crucial in view of the potentially miniscule amounts of 
these antigens expressed by the cells. Examples of reverse phase 
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columns are those using alkyl sidechains (e.g. CI, C2, C4, and CI 8), 
and cyano sidechains. In the Example below, the CI 8, phenyl, C4, 
C8-polymerlc fractionations can be employed in any order. 

Following several rounds of HPLC fractionation the quantity, 
5 purity and molecular weight of the tumor-associated antigens in 
the active HPLC fractions can be assessed by physical means such 
as mass spectroscopy. The quantity of material present will 
determine the approach to be used for amino acid sequence 
analysis. Sequencing by Edman degradation generally requires >1 0 
10 pmol of material. Therefore, the isolation of less material will 
necessitate the use of tandem mass spectrometry to generate 
sequence information. 

Method 2 

15 Method 2 involves an acid extraction of low molecular weight 

materials from cells. The tumor cells are acid extracted, and 
peptides of less than 1 0,000 daltons are recovered by 
ultrafiltration methods known in the art. For example, the tumor 
cells can be extracted in TFA, centrifuged at 31 ,000 x g for 30 min 

20 and the supernatant subjected to ultrafiltration through a 

Centricon 10 membrane (Amicon, Lexington, MA) [Udaka, K., £l_aj. 
(1 992) Cell 69 :9981. Filtrates are dried by SpeedVac and 
redissolved in 0.1% TFA for reverse phase HPLC. 

25 Determination of T Cell S perifiritv for Tumor- 

Assnciated Antigens 

The purified tumor-associated antigen can be determined to 
be T cell-specific tumor antigen by several means. The first 
means is disclosed under Method 1 , wherein the determinant is the 
30 ability of the tumor-associated antigen to render non-tumor cell 
susceptible to lysis by T cells. These T cells are preferably CTL 
and TIL 

Alternatively, the determinant can be the ability of the 
tumor-associated antigen to cause non-tumor cell to trigger the 
35 release of cytokines or lymphokines by T cells. These T cells are 
preferably CTL and helper T cells. The cytokines or lymphokines 
that can be tested include: interferons, interleukins, and 
granulocyte macrophage colony stimulating factors. The methods 
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for determining the release of cytokines are known in the art, such 
as enzyme-linked immunoabsorbent assay (ELISA) 
[Schwartzentruber, D.J., filaL (1991) J. Immunol. 146: 3674] and 
polymerase chain reaction (PCR) [Carding, S.R., fiLaL ( 1 992) J, 
5 fmmnnnl. Methods 1 5: 277]. 

Sequence D etermination 

Upon sequence determination of the tumor-associated 
antigens, such as (an) active peptide(s), it will be possible to 

10 synthesize the peptide(s) chemically. The peptide(s) will be 
purified using methods known in the art, for example, by CI 8 
reverse phase HPLC (Vydac, Hesperia, CA) and biological activity 
will be confirmed by the ability to reconstitute epitopes for the T 
cell used as effector cells, e.g. in the Example below, the effector 

15 cell is HLA-A2-restricted 660 TIL 

Class I HLA-associated tumor Ags purified by the method 
disclosed herein are preferably recognized by class-l HLA- 
restricted T cells. Preferably the Ags are expressed in HLA-A2+ 
tumor cells or are associated with HLA-A2+ molecules on the 

20 surface of tumor cells. These Ags may be recognized by T cells 
derived from tumors (TIL), peripheral blood or primary lymph 
organs such as lymph nodes and spleen. Thus, for the purpose of 
screening for or identifying the HLA-A2-associated tumor antigen, 
members of the above T cells, besides 660 TIL, may be used. 

25 Methods for growing, harvesting and maintaining T cells in general, 
and HLA-A2+ T cells in particular, are known in the art and are 
described [e.g., Topalian, S.L, et al. (1 987) i Immunol. Methods 102: 
1 27 and Reilly, E.B., et. al . (1 990) .1. Immunol. Methods 126: 273]. 
Once the tumor-associated antigen has been sequenced, it can 

30 also be cloned into a host cell and produced recombinantly. 

The tumor-associated antigen isolated and purified as 
disclosed in this patent application may have been derived by any 
of the following means: 



35 (i ) the gene for a full length protein (an example of a 

"starting polypeptide") could be overexpressed in 
the tumor cell compared to lower levels or 
absence of expression in normal cells; 



WO 94/23067 



- 12 - 



PCT/US94/03507 



(2) the gene for a full length protein (another 
example of "starting polypeptide") expressed in an 
altered form may result in expression in the 

5 tumor cell of an altered form of a full length 

protein compared to a normal cell; 

(3) a full length protein (as described in (1 ) and (2) 
above) could be expressed in the tumor cell and 

10 processed to generate a polypeptide of a different 

length expressed either intracellularly or on the 
cell surface in association with HLA molecules 
(the polypeptide is herein termed "end-product 
polypeptide"); 

15 

(4) a full length protein (as described in (1 ) and (2) 
above) could be expressed in the tumor cell and 
processed to produce various peptides which are 
present in the cell or expressed on the cell 

20 surface in association with HLA molecules (these 

polypeptide(s) are also termed "end-product 
polypeptide(s)"). 



Different polypeptides can be expressed with different HLA 
25 molecules. These polypeptides may arise by differential 

processing of the same full length protein or, in fact, processing of 
different full length proteins. That is, a specific polypeptide may 
be expressed by a HLA-A2+ individual which would complex with 
the HLA-A2 protein and be recognized by a T cell, whereas another 
30 polypeptide may be expressed by the same or a different gene in an 
individual expressing another HLA protein (such as HLA-B7) which 
would complex with that HLA protein and be recognized by a T cell. 
The T cells in both cases may not be the same; nor the tumor cells 
from which the polypeptides are derived. Thus, another aspect of 
35 this invention presents other T cell-specific tumor antigens which 
can associate with HLA molecules, and which can be obtained by 
the purification methods disclosed herein using different T cells 
and/or tumor cells. 
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Thus, encompassed within this invention and the term 
"polypeptide", would be the tumor-associated antigen, the 
differently processed or expressed polypeptides, and the full 
length polypeptides (whether starting or end-product polypeptides) 
5 which may be the origins of the tumor-associated antigen purified 
by the method disclosed herein and which may be found in the pool 
of polypeptides purified by this means. That is, within the pool of 
the purified polypeptides, there may be polypeptides that are at 
different stages of the processing or modification phases. Thus, 

10 the T cell-specific melanoma antigens such as mel Ag 906 and mel 
Ag 1 007, can be fragments of larger polypeptides or the processed 
products of starting polypeptides or groups of polypeptides, or 
fragments of end-product polypeptides. Thus, besides the end- 
product polypeptides, or fragments of polypeptides, the starting 

15 polypeptides would also be included within this invention. More 
preferably, the starting and end-product polypeptides share at 
least 78-1 00%, and more preferably at least 87-1 00%, and most 
preferably, 1 00% homology in amino acid residues with the tumor- 
associated antigen purified by the method disclosed herein for the 

20 segment in which the starting (or end-product) polypeptide and the 
tumor-associated antigen are most closely aligned. 
The preferred example of this polypeptide is Class 1 HLA- 
associated tumor antigen, and more preferably an HLA-A2- 
associated tumor antigen and its starting and end-product 

25 polypeptides. 

Characterization of a tumor-associated antigen should make 
it possible to determine the mature protein from which it is 
derived in one of two ways. The identity of the parent protein may 
be deduced on the basis of sequence homology searches. If 

30 necessary, the gene for the protein of interest could be determined 
by screening DNA libraries, prepared from the tumor cells from 
which the tumor-associated antigen originated, with 
oligonucleotide probes corresponding to the peptide sequence. 

35 HLA-A2-Assoc iated Epitopes are Shared bv Different 

Melanoma Lines 

In the case of the 660 mel, the active peptide derived from 
660 mel will be reconstituted with HLA-A2 to determine if this 
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CTL epitope can be recognized by other A2 -restricted melanoma- 
specific CTL This will provide a better understanding for the 
existence of shared melanoma antigens. 

Although previous studies suggest the existence of shared 
5 melanoma antigens recognized by CTL, it is likely that multiple 
naturally occurring shared peptide-defined CTL epitopes may be 
presented by melanoma cells. Reconstitution experiments with 
660 mel peptides may identify epitopes recognized by other HLA- 
A2-restricted melanoma-specific CTL Determination of the amino 
10 acid sequences from the peptides and identification of the 

protein(s) from which they are derived will be important for the 
development of melanoma-specific diagnostics and therapeutics. 

DIAGNOSTICS 

15 The polypeptides obtained by the methods disclosed in this 

patent application, such as those purified from tumor cells, can be 
used to diagnose cancer, serve as cancer therapeutics or vaccines 
for the cancers from which the tumor cells are derived from. 
These polypeptides may also be expressed by tumor cells besides 

20 those that they are derived from; thus, the cancers to be detected, 
treated, or vaccinated against can be those other than the original 
tumor cells. 

In the preferred embodiment, HLA-A2 derived CTL epitopes 
are especially likely to have broad utility in the development of 

25 diagnostics or therapeutics for melanoma because of the frequency 
of HLA-A2 expression. Several possible modes of action for 
diagnostic intervention are envisioned based on host reactivity to 
these antigens. For example, candidates at risk for melanoma 
could be screened for the presence of specific antigens by either 

30 immunoassays or DNA probes. PCR-based assays may be also prove 
useful for sensitive detection of antigens. Additionally, a skin 
test to asses melanoma-specific CTL activity may prove useful as 
a diagnostic tool. It is also possible that an in vitro correlation of 
the skin test, whereby the effector function of melanoma-specific 

35 CTL may be determined from a source such as peripheral blood, 
could prove valuable as well as non-invasive. 

Thus, upon identification of a T cell-specific antigen 
recognized by melanoma-specific T cells and the. full length 
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protein from which it is derived, it may be possible to develop 
diagnostic tests for their presence which may be useful in cancer 
detection in individuals at risk for melanoma. 

1 . Diagnostic tests based on detection of Ag. 
a. MAB 

MAB directed against the T cell-specific tumor 
antigen such as a peptide, or full length protein 
from which it is derived, will be generated by 
methods familiar to those who are skilled in the 
art. Skin specimens, obtained upon biopsy, will be 
used as test substrates for antibody reactivity. 
Although it is unlikely that a peptide-specific 
MAB will be able to react with a T cell Ag buried 
within the cleft of the HLA molecule on the cell 
surface, other methods of antibody reactivity will 
also be analyzed to detect intracellular antigens. 
These will include both immunofluorescence and 
ELISA on cell extracts, histological samples, 
lysed cells, biological fluid such as blood, serum, 
urine, breast secretion, mucous of lungs, cervical 
swab, cerebral fluid, and synovial fluid. These 
samples can be taken, for example, for detecting 
colon, ovarian, lung, breast, cervical, prostate and 
renal tumors. Both immunofluorescence and 
ELISA procedures are well known to those who are 
skilled in the art. Polyclonal and monoclonal 
antibodies directed against these T cell-specific 
tumor antigens can be made using methods known 
in the art. For example, antibodies can be 
produced by injecting a host animal such as 
rabbit, rat, goat, mouse etc. with the tumor- 
associated antigen and fragments thereof, alone 
or conjugated to an appropriate carrier if required 
to elicit an antibody response. It will be 
appreciated by those skilled in the art that the 
MAB can be produced, for example, by means of 
the hybridoma techniques. 



- 16- 



b. Nucleic acid-based assays 

Skin specimens obtained by biopsy may be used as 
source of RNA prepared by conventional methods. 
A chemically tagged or radiolabeled 
oligonucleotide encoding the T cell-specific 
tumor antigen can be used as a hybridization 
probe to detect the presence or prevalence of the 
messenger RNA (mRNA) of the T cell-specific 
tumor antigen. Where the tumor is caused by an 
altered gene, hybridization, PCR or ligase chain 
reaction (LCR) can be used to detect the altered 
gene or its mRNA from its wild type counterparts. 
Such detection methods are known in the art. The 
samples that can be tested include biological 
fluid, tissue or cells. 

In similar fashion, oligonucleotides specific for 
the T cell-specific tumor antigen can be used to 
prime the PCR from template RNA isolated from 
biopsied samples by standard methods known in 
the art. 

2. Diagnostic tests based on T cell reactivity 
a. In vivo analysis 

An in vivo skin test may provide a quick and easy 
diagnostic test for detection of melanoma- 
specific T cells and thereby serve as a useful 
prognosticator of melanoma in patients. 
Synthetic peptide(s) corresponding to the T cell- 
specific tumor antigen will be solubilized in 
balanced salts and injected intradermally. The 
site of the injection will be monitored for several 
days for evidence of a delayed type 
hypersensitivity (DTH) reaction which would be 
indicative of specific T cell immunoreactivity. 
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The ability to use skin tests to monitor specific 
cytotoxic T cell activity has been demonstrated in 
animal models [Kundig, T.M., sLsl (1992) Emc 
Natl. Acad. Sci. USA. 89: 775]. 

b. ]njdI£Q analysis 

T cells enriched from peripheral blood samples of 
patients to be screened will be placed in short 
term culture with a HLA-A2 melanoma cell line 
expressing the T cell-specific tumor antigen. 
Increases in specific cytokine production, as 
measured by either ELISA or PCR, will be used to 
indicate specific T cell immunoreactivity. 
Alternatively, specific T cell immunoreactivity 
may be measured against HLA-A2 target cells 
sensitized in culture with the T cell-specific 
melanoma antigen. Procedures for setting up 
short-term cultures and using ELISA or PCR-based 
methods to screen for immunoreactivity are 
known to those skilled in the art. 

THERAPEUTICS 

With respect to therapeutic intervention, identification of 
25 melanoma-specific antigens may provide the basis for targeted 
anticancer therapy. Immunization of HLA-A2+ melanoma patients 
with melanoma antigens may be an effective scheme for 
stimulating melanoma-specific CTL and reducing or eradicating 
tumor cells. 

30 T cell-specific melanoma antigen identified by the methods 

outlined herein may be the basis of useful immunotherapeutic 
strategies such as the following. 

1 . Patients with melanoma 
35 Melanoma patients who produce the T cell-specific 

tumor antigen(s) described in this application may 
be immunized with the specific antigen for the 
purpose of stimulating a potent T cell response. 
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Optimal routes of administration, dose and 
formulation to effect T function will be explored. 
The progression or improvement of the diseased 
state will be monitored by means known in the art 
and may include monitoring tumor shrinkage or 
measuring enhancement of T cell-reactivity. 

2. Vaccine 

T cell-specific melanoma antigens may be used as 
vaccines to protect individuals at risk for melanoma. 
In this approach T cell-specific tumor antigens 
would be administered to induce the expansion of 
protective T cells. Optimal routes of 
administration, dose and formulation to effect 
specific CTL function would be explored. 

The above therapeutics can be similarly applied to other 
tumor-associated antigens obtained by the methods disclosed 
herein for treatments of the same or different tumors. The 
invention also covers such pharmacological compositions such as 
the vaccines and therapeutic compositions disclosed herein. 

EXAMPLE 

Example i 

1. Materials and Methods 

Ceilings: 

660 mel and 660 TIL which are autologous (derived 
from the same individual), 663 mel [Reilly, E.B. and 
Antognetti, G. Mq<m r>ll. Immunol. 135 : 526], and M21 
[Gillies, S.O. and Wesolowski, J.S. (1990) Hum Antibod, 
Hvhridomas 1 : 47] were used. 660 TIL are TIL that 
recognize 660 mel, but more specifically they 
recognize the combination of a peptide associated with 
HLA-A2 antigens on the surface of the 660 mel. 
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Expansion of 660 mel. 660 mel were grown in 850 cm^ 
roller bottles until confluent Cells were recovered by 
treatment with 5 mM EDTA (pH 8.0), washed once with 
phosphate-buffered saline (PBS) and stored frozen at 
-70°C. 

Membrane Extraction: 

Cells were lysed at 4°C in hypotonic medium [1 0 mM 
Tris-HCI (pH 8.1), 1mM MgCl2, ImM KCI] in the presence 
of 1 00 /iM phenylmethanesulfonyl fluoride, 200 /jM 
dithiothreitol and 0.02% NaN3 [Springer, T.A. gl_aj. 
(1 977) I Rinl Chsm. 252 : 4682]. Membranes were 
collected by centrifugation for 60 min at 1 05,000 x g 
and solubilized in 3% Brij 58 (Brij 58 is available from 
Pierce Chemical Company, Rockford, IL) [Tsomides, T.J., 
fil_al. (1 991 ) prnr Natl Acad. Sci. USA 88: 1 1 276]. 



HLA Purification: 

Membranes were passed over four affinity columns 
arranged in series as follows: Sepharose only, mouse 
pooled immunoglobulin-Sepharose (to bind Fc receptors 
and other membrane proteins) and two successive 
PA2.1 -Sepharose (anti-HLA-A2) (Monoclonal antibody 
PA2.1 coupled to Sepharose resin; as described in 
Parham, P. (1979) » Rinl. Chem. 254: 8709). The 
affinity columns were prepared by Staphylococcal 
protein A purification of the MAB, periodate oxidation 
of the carbohydrate moiety in the Fc domains, and 
covalent coupling of the MAB to hydrazide-modified 
Sepharose (Pierce Chemicals, Rockford, IL). After 
washing with 30 column volumes of buffers, each 
column was eluted with 50 mM diethylamine-HCI (pH 
1 1 ) into 2 ml fractions and neutralized with 1 M Tris- 
HCI (pH 8). 
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HLA-Bound Ppntirie Elution: 

Purified HLA-A2 was concentrated to remove unbound 
peptides by ultrafiltration at 5000 x g (Centricon CIO) 
and was then denatured with 1.0% trifluoroacetic acid 
[Rotzschke, 0., £LaL (1 990) Science 249: 283] for 60 
min at 37°C The released peptides were collected by 
ultrafiltration at 5000 x g and subjected to HPLC 
fractionation. 

HPLC Fraction ation of HLA-Associated Peptides: 
HPLC fractionations were performed on reverse phase 
columns (CI 8, phenyl, C4, C8-polymeric; commercially 
available from Vydac, Hesperia, CA) using a binary 
gradient system and detection by ultraviolet 
absorbance at 220 nm. The first three 
chromatographies on CI 8, phenyl, and C4 silica-based 
columns (4.6 x 250 mm) were carried out with solvent 
A = 0.1% trifluoroacetic acid (TFA) in H20, solvent B = 
0.085% TFA in acetonitrile, a gradient of between 0.25 
and 1 % B per minute, and a flow rate of 1 ml/min. For 
the fourth and final chromatography using a C8-polymer 
column (2 x 250 mm), solvent A was 1 25 mM 
triethylamine acetate (TEAAc) in H2O (pH 7.1), solvent 
B was 75 mM TEAAc in acetonitrile, and the flow rate 
was 0.25 ml/min. Following each round of 
chromatography, fractions collected at 0.5 or 1 min 
intervals were dried by SpeedVac (Savant, Westbury, 
NY) and resolubilized for cytotoxicity assays. 

Cytotoxicity Assav: 

To measure lysis due to melanoma-specific peptide 2.5 
x 1 03 51 cr-labeled JY target cells in 50 pi of RPMI 
media with 1 0% heat-inactivated fetal bovine serum 
were incubated with 50 pi of peptide-cpntaining 
samples prepared in RPMI for 1-3h at 37<>C. 660 TIL in 
RPMI with 10% heat-inactivated fetal bovine serum 
were then added at a E:T ratio of 50:1 in a final volume 
of 200 pi. The cells were incubated at 37QC for 4 h and 
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the amount of 51 Cr released into the extracellular 
medium was determined. The percent specific lysis was 
calculated as 100 x (51cr released - spontaneous 
release)/(total release in HCI - spontaneous release). 
Toxicity controls consisted of peptide plus 51 Cr- 
labeled target cells without addition of 660 TIL 

Mass Spectrometry: 

The active fractions from the final chromatography 
were analyzed by mass spectrometry to determine the 
molecular weight. 

Results 

660 TIL Cvto tnyic Activity k Directed towards 660 
mel : 

660 TIL were tested for lytic activity against both 
autologous and non-autologous melanoma tumor cell 
lines. Figure 1 presents the CTL activity of 660 TIL 
against its autologous tumor cell target, 660 mel. 
Autologous (660 mel) and non-autologous (663 mel and 
M21 ) human melanoma cell lines were radiolabeled with 
51 Cr and incubated in 4 h assays with 660 TIL at an 
effectontarget (E:T) ratio of 50:1 . Supematants were 
collected, the radioactivity determined and used as an 
indicator of the lytic activity of 660 TIL as measured 
by % 51 Cr release. As shown in Figure 1 , significant 
levels of cytotoxic activity were apparent only when 
the autologous tumor cell line 660 mel was used as a 
target cell. 

Stimulation of 660 TIL Cul tures with 660 mel 
Increases Sp ecific Cytotoxic Activity: 
660 TIL were maintained in culture for several months 
and then stimulated repeatedly over the course of 
several weeks with the addition of 660 mel cells to the 
culture at a T cell/target cell ratio of 10:1. Figure 2 
presents tumor cell cytotoxic activity of 660 TIL after 
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stimulation with cultured 660 mel. Lytic activity of 
TIL stimulated once (open bars) or three times (hatched 
bars) was determined in 4 h 51Cr release assays at E:T 
ratios shown. Error bars represent standard deviation. 

Figure 2 shows that multiple rounds of tumor cell 
stimulation over the course of several weeks increased 
the specific 660 TIL cytotoxic activity to greater than 
70% lysis at an E:T ratio of 50:1 . 

fi60 TIL are CD3 +. CD8+ m that Recognize Aa 
Associated with Class I M HC Molecules: 
The effect of several MAB on the lysis of autologous 
melanoma target cells by 660 TIL was determined as 
shown in Table I. Table I presents the effect of MAB on 
the lysis of 660 mel cells by 660 TIL at different E:T 
ratios. MAB specific for CD3 (OKT3 is available from 
the American Type Culture Collection, Rockville, MD , 
herein referred to as ATCC. OKT3's ATCC Accession No. 
is CRL 8001 ), CD4 (OKT4, ATCC Accession No. CRL 
8002), class I MHC molecules (PA2.6, ATCC Accession 
No. HB1 1 8) and cellular adhesion molecules (anti-ICAM 
and anti-LFA-1 . Both are commercially available from 
AMAC, Inc., Westbrook ME.) were added to radiolabeled 
660 mel cells at a final concentration of 50 vg/m\ and 
incubated for 30 min at room temperature. 660 TIL 
were then added, incubation was continued for 4 h at 
37°C and the assay was harvested. 
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TABLE 1 

EFFECT OF MAP ONI I VSIS OF T UMOR CELLS BY Al rrOLOGOUS 
5 Ul 

MAB a % LYSlS b 

10 E:T RATIO 

25:1 5:1 

15 

None 46 ± 0.3C 21+3.8 

OKT3 3 ±0.2 2 ±0.3 

20 OKT8d 35 ±2.3 9 ±1.4 

PA 2.6 7 ±1.4 2 ±0.2 

Anti-ICAM 28 ±3.1 9 ± 0.3 

25 

Anti-LFA-1 11 ±1.4 3 ± 0.2 
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a MAB used at a final concentration of 50 ug/mL 

b Results of a 4 h sicr release assay 

c Standard deviation calculated from duplicates 

d Inhibition by OKT8 is enhanced in the presence of higher 
concentrations of the MAB. 
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In agreement with classical CTL function, 660 mel 
lysis by 660 TIL was inhibited by MAB to CD3, CD8 and 
class I MHC molecules. MAB against the intercellular 
adhesion molecules ICAM and LFA-1 also inhibited lysis 
5 of tumor cells. 

660 TIL Recogni7e Aq Asg ^tftf* wit " h Hl A " A2 
Molecules: 

10 Table 2 presents the effect of anti-HLA-A2 MAB on the 

lysis of 660 mel cells by 660 TIL at different E:T 
ratios. MAB specific for HLA-A2 (BB7.2, ATCC 
Accession No. HB82) as well a control MAB specific for 
another HLA molecule, HLA-B7 (BB7.1 , ATCC Accession 

15 No. HB56) were added to radiolabeled 660 mel cells at a 

final concentration of 50 jjg/ml and incubated for 30 
min at room temperature. 660 TIL were then added, 
incubation was continued for 4 h at 37°C and the assay 
was harvested. 
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TABLE 2 

FFFECTS OF ANTI . HLA CLASS I MAB ON LY SIS OF 66Q-MEL BY 

AUTOLOGOUS TIL 



10 



MAB ' 



% LYSISb 



E:T RATIO 



50:1 



10:1 



15 



20 



None 



BB7.2 



BB7.1 



48 ± 0.4C 
4± 0.5 
55 ± 0.5 



34 + 0.3 
10±3.9 
38 dt 1.1 



25 a MAB used at a final concentration of 50 £/g/mL 
b Results of a 4 h sicr release assay 
c Standard deviation calculated from duplicates 
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Table 2 shows that the recognition of 660 mel by 660 
TIL was inhibited by MAB against HLA-A2 (BB7.2), but 
not by MAB against directed another MHC molecule, 
HLA-B7 (BB7.1 ). The recognition of Ag on the 
established melanoma cell line is, therefore, restricted 
by HLA-A2. 
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fifiO Mel Cells Can Be Expan d to l arge Numbers for 
Extraction o f Cell Membranes: 
5 x 1011 660 mel cells were grown as monolayers in 
more than 4000 850 cm2 roller bottles and recovered 
by treatment with 5 mM EDTA (pH 8.0). After washing 
cells with PBS and storage of the cell pellets at -70<>C f 
membranes were extracted from batches of 5 x 1 0 10 
cells by lysis in hypotonic medium [1 0 mM Tris-HCI (pH 
8.1 ), 1 mM MgCl2, 1 mM KCI] in the presence of 1 00 j/M 
phenylmethanesulfonyl fluoride, 200 ^M dithiothreitol 
and 0.02% NaN3 at about 2.5 x 10 8 cells/ml hypotonic 
media. Extracted cells were centrifuged at 1 000 x g 
for 1 0 min at 4°C . The supernatants were collected 
and the cell pellet was re-extracted. A minimum of 
eight successive extractions ranging in time from 1-12 
h were performed on each batch of cells. Membranes 
were collected from pooled supernatants by 
centrifugation for 60 min at 1 05,000 x g, and 
solubilized in 3% Brij 58 in hypotonic lysis buffer. 

HLA-A2 Affi nity Purification: 

Solubilized membranes in batches derived from about 5 
x 10 10 cells each were passed over four 5 ml affinity 
columns arranged in series as follows: Sepharose only, 
mouse pooled immunoglobulin-Sepharose (to bind Fc 
receptors and other membrane proteins) and two 
successive PA 2.1 -Sepharose (anti-HLA-A2). The 
affinity columns were prepared by Staphylococcal 
protein A purification of the MAB, periodate oxidation 
of the carbohydrate moiety in the Fc domains and 
covalent coupling of about 3-4 mg of the MAB per ml of 
hydrazide-modified Sepharose. Final coupling yields 
were generally in the range of 1 .5-2.5 mg MAB/ml 
Sepharose. Columns were first washed extensively 
with ten column volumes of 0.1 M Tris-HCI (pH 8.0), 
0.2% Brij 58, 1 0 j;M phenylmethanesulfonyl fluoride 
("wash buffer"). After passage of the membranes, the 
columns were separated and washed with -ten column 
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volumes of each of the following: 1 ) wash buffer; 2) 1 M 
Tris-HCI (pH 8.0), 0.2% Brij 58; and 3) 0.02 M Tris-HCI 
(pH 8.0). Bound material was eluted from the columns 
with 50 mM diethylamine-HCI (pH 11) and 2 ml 
fractions were collected into tubes containing 0.2 ml 
1M Tris-HCI (pH 8.0). Figure 3 presents the HLA-A2 
affinity purification from 660 mel cells. Membranes 
extracted from 660 mel cells were passed through 
affinity columns prepared with MAB PA2.1 , ATCC HB117 
(anti-HLA-A2) and after extensive washing of the 
column specifically bound HLA-A2 molecules were 
eluted in the presence of 50 mM diethylamine-HCI (pH 

11). 

Figure 3 shows the results of a typical elution profile 
from the mouse immunoglobulin and the two successive 
PA2.1 columns. Figure 3 presents the HLA-A2 affinity 
purification from 660 mel cells. HLA purity was 
assessed by SDS/PAGE. Yields and purity were further 
determined by quantitative amino acid analysis. 

HLA-A2-Boun ri Peptide Elution: 
Purified HLA-A2 was purified and concentrated to 
remove unbound peptides by ultrafiltration at 5000 x g 
(Centricon CIO) and then denatured with 1.0% 
trifluoroacetic acid for 60 min at 37°C. The released 
peptides were collected by ultrafiltration at 5000 x g 
and subjected to HPLC fractionation. 

Purification of Antigen R eactivity Assnriated with 
HLA-A2: 

HPLC fractionations were performed on reverse phase 
columns CI 8, phenyl, C4, C8-polymeric using a binary 
gradient system and detection by ultraviolet 
absorbance at 220 nm. The first three 
chromatographies on CI 8, phenyl, and C4 silica-based 
columns (4.6 x 250 mm) were carried out with solvent 
A = 0.1% trifluoracetic acid (TFA) in H2O, -solvent B = 
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0.085% TFA in acetonitrile, a gradient of between 0.25 
and 1 % B per min, and a flow rate of 1 ml/min. For the 
fourth and final chromatography using a C8-polymer 
column (2 x 250 mm), solvent A was 1 25 mM 
5 triethyiamine acetate (TEAAc) in H2O (pH 7.1 ), solvent 

B was 75 mM TEAAc in acetonitrile, and the flow rate 
was 0.25 ml/min. Following each round of 
chromatography, fractions collected at 0.5 or 1 min 
intervals were dried by SpeedVac and resolubilzed for 
10 cytotoxicity assay. 

Cytotoxic Assays to Eval uate Antigen Puritv: 
Peptide-containing HPLC fractions in 50 pi of RPMI 
were added to 50 pi 5iCr-labeled J-Y target cells (2.5 x 

15 1 0 3 cells) in RPMI plus 1 0% heat inactivated fetal 

bovine serum and incubated at 37°C for 1 to 3 hours. 
One-hundred pi of 660 TIL in RPMI plus 1 0% heat- 
inactivated fetal bovine serum were then added to an 
E:T ratio of 50:1 and the cells were incubated at 37°C 

20 for 4 h. The amount of 5iCr in the extracellular medium 

was determined and specific lysis was calculated. 

Figure 4 presents the cytotoxic activity of peptides derived 
from 660 mel HLA-A2 molecules. Peptides released from HLA-A2 

25 molecules by treatment with trifluoroacetic acid were 

fractionated by reverse phase chromatography on a CI 8 column. 
Fractions were collected at 1 min intervals at a flow rate of 1 
ml/min and subjected to standard cytotoxicity assays using 51 Cr- 
labeled JY cells (an HLA-A2+ non-tumor EBV-transformed human B 

30 cell line). The two major peaks of cytotoxic activity corresponded 
to fractions 42-46. 

Figure 5 presents the cytotoxic activity of pooled peptide 
fractions 42-46 from the CI 8 column (see Figure 4) fractionated 
by reverse phase chromatography on a phenyl column. Fractions 

35 were collected at 1 min intervals at a flow rate of 1 ml/min and 
subjected to standard cytotoxicity assays using 51cr-labeled JY 
cells. The major peak of cytotoxic activity corresponded to 
fractions 40-41 . 
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Figure 6 presents the cytotoxic activity of pooled peptide 
fractions 40-41 from the phenyl column (see Figure 5) fractionated 
by reverse phase chromatography on a C4 column. Fractions were 
collected at 1 min intervals at a flow rate of 1 ml/min and 
5 subjected to standard cytotoxicity assays using 51cr-iabeled JY 
cells. The major peak of cytotoxic activity corresponded to 
fractions 49-50. 

Figure 7 presents the cytotoxic activity of pooled peptide 
fractions 49-50 from the C4 column (see Figure 6) fractionated by 
10 reverse phase chromatography on a minibore C8-polymer column. 
Fractions were collected at 0.5 min intervals at a flow rate of 0.25 
ml/min and subjected to standard cytotoxicity assays using 51 re- 
labeled J-Y cells. Active fractions correspond to 83-85. 



15 

Mass Spectrometry to Cha racterize Active Peptide: 
The active fractions from the final chromatography (as 
represented by fractions 83-85 in Figure 7) were 
analy2ed by mass spectrometry to determine purity and 

20 molecular weight similar to the method disclosed in 

Hunt, D. F., £L2L (1 992) Science 255: 1261. There were 
several peptides in the fractions. The two most 
prevalent peptides, designated mel Ag 906 and mel Ag 
1 007 were identified. The molecular weight of mel Ag 

25 906 is about 906 Dalton (D) with a ± 1 0% margin of 

error. The molecular weight of mel Ag 1 007 is about 
1 007 Dalton (D) with a ± 1 0% margin of error. The 
amino acid sequence can be determined by similar 
tandem mass spectrometry. 

30 

Peptide Synthesis nf Active Peptide: 
Upon sequence determination of (an) active peptide(s) it 
will be possible to synthesize that peptide chemically. 
The peptide(s) will be purified by CI 8 reverse phase 
35 HPLC and biological activity will be confirmed by the 

ability to reconstitute epitopes for the HLA-A2- 
restricted 660 TIL. 
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Identifying the Precursor. F nri-Product. or Related 
Polypeptides: 

Once the partial or full sequence of an active 
polypeptide has been determined, the sequence is 
5 matched by homology using a program such as String 

Search with the University of Wisconsin GCG sequence 
analysis software package to determine the precursor, 
end-product or related polypeptides. 



10 Alternatively, the partial DNA sequence of the 

polypeptide can be used as hybridization probes to 
identify the gene which encodes the polypeptide from a 
cDNA library prepared from the tumor cell line from 
which the polypeptide has been purified from or any 

15 tumor cell line. Thus, the polypeptide can also be 

identified. This can be achieved using methods known 
in the art. 



HLA-A2-Associated Epitop es are Shared bv Different 

20 Melanoma Lines: 

The active peptide derived from 660 met will be 
reconstituted with HLA-A2 to determine if this CTL 
epitope can be recognized by other A2-restricted 
melanoma-specific CTL This will provide a better 

25 understanding for the existence of shared melanoma 

antigens. 



Discussion/Conclusion 

30 

Results indicate that 660 TIL, derived from a solid tumor 
sample of a patient with malignant melanoma, is a CD3+, CD8+ CTL 
that has specific lytic activity directed towards its autologous 
tumor cell line, 660 mel. The peptide recognized by 660 TIL is a 
35 short peptide of about 7-1 0 amino acids in length associated with 
HLA-A2 molecules expressed on the surface of 660 mel. 660 mel 
cells are amenable to large scale expansion in tissue culture while 
still retaining their properties as antigen-specific-target cells. 
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Cells prepared in this manner have been used as a source of 
membranes for the subsequent affinity purification of complexes 
of HLA-A2 molecules and their associated peptides. The 
dissociation of endogenous peptides from HLA-A2 molecules 
5 results in a complex mixture of peptides all of which are expected 
to compete for binding to the HLA-A2 molecules. Multiple rounds 
of HPLC fractionation, however, have yielded an active fraction 
which can reconstitute epitopes for the HLA-A2-restricted 660 
TIL This confirms the suitability of this general approach for the 

10 characterization of melanoma-specific antigens. Mass 
spectrometric analysis of the active fraction indicates the 
presence of at least two predominant peptides, each of which is a 
likely candidate for the melanoma-specific Ag and each of which is 
amenable to sequencing, synthesis and testing by cytotoxicity 

15 assays. 

Although previous studies suggest that CTL recognize A2- 
restricted epitopes shared by the majority of melanomas, it is 
likely that multiple shared peptide-defined CTL epitopes on human 
melanoma cells may exist. Reconstitution experiments with 660 

20 mel peptides may identify epitopes recognized by other HLA-A2- 
restricted melanoma-specific CTL. These shared epitopes may be 
derived by processing of a single or limited number of endogenous 
proteins, or perhaps may represent the product of distinct 
proteins. Determination of the amino acid sequences from the 

25 peptides and identification of the proteins from which they are 
derived will be important for the development of melanoma- 
specific diagnostics and therapeutics. 

The overwhelming majority of patients with melanoma are 
Caucasians, 50% of whom express HLA-A2 molecules. HLA-A2- 

30 restricted epitopes, therefore, may provide the basis for 

significant diagnostic or therapeutic intervention, For example 
diagnosis based on host reactivity to these antigens may involve 
either immuno- or DNA-based assays. Both in vivo and in vitro 
applications may be considered. Therapeutic intervention may 

35 involve immunization of cancer patients with melanoma antigens 
for the purpose of stimulating melanoma-specific CTL and 
eradicating tumor cells. 
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Deposit of Rinlooical Materials : The following cell line has 
been deposited with the American Type Culture Collection (ATCC), 
12001 Parklawn Drive, Rockville, Maryland 20852 (USA) pursuant 
to the provisions of the Budapest Treaty. 

5 

Designation Deposit Date ATCC NQ, 

660 mel March 1 8, 1 993 CRL 1 1 304 

Availability of the deposited strain is not to be construed as 
10 a license to practice the invention in contravention of the rights 
granted under the authority of any government in accordance with 
its patent laws. 

The invention described herein draws on both published and 
unpublished work. By way of example, such work consists of 
15 scientific papers, pending patent applications, and patents. All of 
the work cited in this application is hereby incorporated by 
reference. 

Also, the present invention is not to be considered limited in 
scope by the deposited cell line, since the deposited cell line is 
20 intended only to be illustrative of particular aspects of the 
invention. 

The present invention has been described with reference to 
specific embodiments. However, this application is intended to 
cover those changes and substitutions which may be made by those 
25 skilled in the art without departing from the spirit and the scope 
of the appended claims. 
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15 



We claim: 

1 . A polypeptide capable of being expressed on the surface of a 
tumor cell in association with HLA, said polypeptide when 
associated with HLA, is capable of rendering the tumor cell 
recognizable by a T cell. 

2. The polypeptide of claim T, wherein the tumor cell is a 
melanoma tumor cell. 

3. The polypeptide of claim 1 , wherein the HLA is HLA-A2. 

4. The polypeptide of claim 1 , wherein the T cell is a CTL or a T 
helper cell. 

5. The polypeptide of claim 1 , wherein the T cell is a TIL, the 
tumor cell is a melanoma tumor cell, and the HLA is HLA-A2. 



6. The polypeptide of claim 7, wherein the TIL is 660 TIL, and 
20 the melanoma tumor cell is 660 mel. 

7. The polypeptide of claim 5, wherein the polypeptide is 
selected from the group consisting of: mel Ag906 and mel Ag 
1007. 

25 

8. A tumor-associated antigen capable of being expressed by a 
tumor cell, said tumor-associated antigen being obtainable 
from said tumor cell by a method comprising the steps of: 

30 (a) obtaining an extract of the tumor cell; 

(b) selecting HLA-associated antigens from the extract; 

(c) purifying the HLA-associated antigens by means of 
HPLC; 

(d) screening for HLA-associated antigens which are 
35 capable of associating with a non-tumor cell and 

thereby rendering it susceptible to lysis by a T cell or 
to cause the T cell to release cytokine or lymphokine in 
the presence of the non-tumor cell. - 
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9. The tumor-associated antigen of claim 8, wherein in step (c), 
the HPLC fractionation comprises fractionating the sample 
according to hydrophobicity, using different reverse phase 

5 columns. 

1 0. The tumor-associated antigen of claim 8, wherein in step (c), 
the HPLC fractionation comprises: CI 8, phenyl, C4, C8- 
polymeric fractionations. 

10 

1 1 . The tumor-associated antigen of claim 1 0, wherein the tumor 
cell is a melanoma cell. 

1 2. The tumor-associated antigen of claim 1 1 , wherein the T cell 
15 is a TIL. 

1 3. The tumor-associated antigen of claim 8, wherein the HLA is 
HLA-A2 and step (b) comprises the steps of : 

(i) contacting the membrane extract with anti-HLA-A2 
20 antibody such that the anti-HLA-A2 antibody binds to a 

complex of HLA-A2 and HLA-A2-associated antigen found in 
the membrane extract; 

(ii) separating the complex of HLA-A2 and HLA-A2- 
associated antigen from the anti-HLA-A2 antibody; and 

25 (iii) dissociating the HLA-A2-associated antigen from the 

complex of HLA-A2 and HLA-A2 -associated antigen. 

1 4. The tumor-associated antigen of claim 1 3, wherein in step 
(cc), the HPLC fractionation comprises: CI 8, phenyl, C4, C8- 

30 polymeric fractionations. 

1 5. The tumor-associated antigen of claim 8, wherein step (a) 
comprises lysing the cell, releasing the polypeptide before it 
has associated with the HLA, and separating the polypeptide 

35 from the lysate by ultrafiltration. 



16. 



The tumor-associated antigen of claim 8, wherein step (a) 
comprises acid extraction. 
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1 7. The tumor-associated antigen of claim 1 4, wherein the non- 
tumor cell is HLA-compatible with the tumor cell and T cell; 
and wherein the T cell is a tumor-specific T cell. 

5 

1 8. The tumor-associated antigen of claim 1 7, wherein the tumor 
cell is a melanoma cell, the tumor-specific T cell is a CTL 

19. A precursor polypeptide of the tumor-associated antigen of 
10 claim 8. 

20. An end-product polypeptide of the tumor-associated antigen 
of claim 8. 

15 21 . A method for purifying a tumor-associated antigen from a 
tumor cell, said tumor cell is capable of being recognized by 
a T cell, said method comprises the steps of: 

(a) obtaining a sample containing HLA-associated antigen 
20 from a membrane extract of the tumor cell; 

(b) purifying HLA-associated antigen from the sample by 
HPLC fractionation; and 

(c) screening for the HLA-associated antigen which 

is capable of associating with HLA on a non-tumor 
25 cell and causes the non-tumor cell to be to be 

susceptible to lysis by a T cell or to cause the T 
cell to release cytokine or lymphokine. 

22. A method for diagnosing cancer in a patient, comprising the 
30 steps of: 

(a) exposing a biological sample from the patient to an 
antibody raised against either a polypeptide which is capable 
of associating with HLA on a tumor cell to form a complex, 

35 such complex being recognizable by a T cell or the precursor 

protein from which that polypeptide is derived; and 

(b) detecting the binding of the antibody to the sample. 
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23. A method for diagnosing cancer in a patient, comprising the 
steps of: 

(a) exposing a biological sample from the patient to a 
nucleic acid probe encoding polypeptide which is capable of 

5 associating with HLA on a tumor cell and when such 

association is recognized by a T cell-specific to said tumor 
cell, said T cell would lyse said tumor cell or said T cell 
would release lymphokine or cytokine by said T cell; and 

(b) detecting the binding of the nucleic acid sequence to 
10 the sample. 

24. The method of claim 23, wherein the nucleic acid probe binds 
tumor cell genomic DNA or messenger RNA, and the nucleic 
acid probe is capable of differentiating between a wild type 

15 and an altered genomic DNA or messenger RNA. 

25. A method for diagnosing cancer in a patient, comprising the 
steps of: 

20 (a) exposing an individual to a composition comprising a 

polypeptide which is capable of associating with HLA on a 
tumor cell; 

(b) observing the immunological reaction of the individual 
at the site of exposure. 



25 



26. A method for diagnosing cancer in a patient, comprising the 
steps of: 



(a) exposing a sample of an individual which contains T 

30 cells, to a mixture of HLA and polypeptide which is capable of 

associating with HLA on a tumor cell ; 

(b) observing the specific stimulation of T cells wherein 
the presence of such reaction indicates presence of tumor. 

35 27. A method for treating a cancer patient comprising 

immunizing the patient with the polypeptide of claim 1 or the 
tumor-associated antigen of claim 8. 
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28. A method for immunizing a mammal against cancer, 

comprising immunizing the mammal with the polypeptide of 
claim 1 or the tumor-associated antigen of claim 8. 

5 29. A pharmacological composition comprising the polypeptide of 
claim 1 or the tumor-associated antigen of claim 8. 

30. An antibody directed against the polypeptide of claim 1 or 
the tumor-associated antigen of claim 8. 

10 
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FIGURE 3 
HLA A-2 Purification from 660 rriel 
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FIGURE 5 

660 TIL CTL assay with 660 mel peptides from second HPLC column 
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FIGURE 7 

660 TIL CTL assay with J-Y plus 660 mel peptides from fourth HPLC 




fraction no. 
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